We examined whether the relative importance of facilitation and competition effects by an 3 unpalatable perennial (Urtica thunbergiana) on a palatable annual (Persicaria longiseta) 4 change with the spatial distance between them in a long-term deer-grazing habitat. Survivorship, 5 growth, size, and fecundity of Persicaria were recorded at 1-2-month intervals during growing 
is also possible, that is, the net effect may be negative at the centre of the canopy and positive 1 near the edge of the canopy. This pattern can arise when competitive suppression through severe 2 shading is strong, whereas positive effects operate at an intermediate level at a wide range 3 around the unpalatable canopy because herbivores generally avoid grazing plants around 4 unpalatable plants but do occasionally (Case 4, Fig. 1d ).
5
To test these hypotheses, we examined the spatial shift in net effects of unpalatable nettles 6 (Urtica thunbergiana) on palatable plants (Persicaria longiseta) at fine spatial scales around 7 unpalatable individuals in Nara Park, Japan, where a dense population of sika deer (Cervus 
Study site

23
The study was conducted at Nara Park (3441' N, 13550' E), in Nara Prefecture, western Japan (see Suzuki and Suzuki, 2011 for details canopy (relative distance < 0.5).
20
-Internal edge of the canopy (position 2, P2): an area under the canopy between the halfway 21 point of the canopy radius and the edge of the canopy (0.5 < relative distance < 1).
22
-External edge of the canopy (position 3, P3): an area from the limit of the radius of the Urtica 23 canopy to a distance 1.5 times the canopy radius (1 < relative distance < 1.5).
-Far from the canopy (position 4, P4): an area beyond 1.5 times the canopy radius of the Urtica 1 plant (1.5 < relative distance). The performance of Persicaria at P4 was regarded as a control 2 because we assumed that plants at P4 were rarely affected by Urtica.
4
We also analysed Urtica effects using five position categories, including an outer position 5 (position 5: 2 < relative distance), but no significant differences were found between positions 6 4' (1.5 < relative distance < 2) and 5, with the exception of two cases for which the general 7 trends were similar to the results of analysis with four positions. Therefore, we concluded that
8
Urtica rarely affected Persicaria individuals at P4.
9
By assuming that the shape of an Urtica canopy was a circle, the radius of the canopy was 
Results
23
The observed values of the performance of Persicaria are shown in Table S1 in the Appendix.
In general, survivorship of Persicaria tended to be higher under the Urtica canopy than outside 1 of it (Fig. 2) . In 2007, Persicaria survivorship in May-July was in the rank order P1 > P2 > P4 2 > P3 (Fig. 2a) . The effect at P1 (centre of the Urtica canopy) was significantly positive. No 3 significant effects were found in July-September (Fig. 2b) . Survivorship fell into the rank order 4 P1 > P3 > P2 > P4 in September-October, and effects at P1, P2 and P3 were significantly 5 positive (Fig. 2c) .
6
In 2008, survivorship fell into the rank order P1 > P2 > P3 > P4 in June-August (Fig. 2d ).
7
The effect on survivorship at P1 was significantly positive. No significant effects were found in 8 August-October (Fig. 2e ).
9
Effects on Persicaria growth were not obvious during most periods. The growth of
10
Persicaria in May-July and July-September in 2007 did not differ among groups (Fig. 3a, b) .
11
Growth was highest at P1 and lowest at P4 in September-October in 2007 (Table 1) , and effects 12 at P1, P2, and P3 were significantly positive during this period (Fig. 3c) . In 2008, growth tended 13 to be low at P1 and high at P3 in June-August and August-October, although these differences
14
were not significant (Fig. 3d, e) .
15
Throughout the growing season (May-October), the effect on survivorship was significantly significantly negative at P3 (Fig. 4c) . In 2008, the effect at P1 was significantly negative, and that at P3 was significantly positive (Fig. 4f) . Persicaria competitively in addition to protecting it from deer grazing (associational 22 resistance).
23
The relative importance of facilitation is often highest during periods when grazing pressure is heaviest, then decreases with grazing pressure (Graff et al., 2007 shrubs have widely spreading root systems (Barbier et al., 2008; Meyer et al., 2008) . In contrast, plants within particular environmental conditions. In contrast, our study revealed that the net 10 effect of an unpalatable plant can vary spatially, even around a single nurse plant. species, one must consider the spatial scales at which plant interactions operate.
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